Electron-scattering cross sections have been determined for trimethylene oxide, cyclic ͑CH 2 ͒ 3 O molecule, both experimentally and theoretically. The absolute total cross section ͑TCS͒ has been measured over energies from 1 to 400 eV using a linear electron-transmission method. The obtained TCS generally decreases with rising energy, except for the 3-10 eV range, where some resonantlike structures are discernible. Integral elastic cross section ͑ECS͒ and ionization cross section ͑ICS͒ have been also calculated up to 3 keV in the additivity rule approximation and the binary-encounter-Bethe approach, respectively. Their sum, ECS+ ICS, is in a good agreement with the measured TCS. Comparison of the TCS energy dependence for trimethylene oxide with that for its isomeric open-chain counterpart-acetone, ͑CH 3 ͒ 2 CO, has also been made. Moreover, examination of experimental TCSs for the cyclic ͑CH 2 ͒ n O, n =2-4, ether series reveals that the intermediate-energy molecular TCSs for members of that family can be nicely represented as a sum of the effective TCSs for particular constituents of the molecule, i.e., methylene groups and oxygen atom. Finally, based on these partial TCSs, the TCS for the c-͑CH 2 ͒ 5 O-the next member of the series-has been determined and compared with the respective ECS+ ICS values computed here for this compound.
I. INTRODUCTION
Comprehensive sets of measurables concerning elementary electron-assisted phenomena for a wide variety of compounds 1 are indispensable in many areas of science and nowadays technology. 2, 3 Despite a long tradition and great experimental and theoretical efforts, the status of available electron-molecule scattering cross sections, electron transport, and rate coefficients is still not satisfactory. Deficiency of data describing the scattering processes is partly due to experimental difficulties with more complex and/or unstable compounds. On the other hand, the multicenter nature of the electron-molecule scattering makes the solution of the full scattering problem very demanding. Therefore, it seems valuable to search for correlations of scattering quantities with constitutive target parameters. When found, such correlations provide some stimulatory insight into the role of target properties in the scattering process, while the semiempirical formula describing these correlations would allow to estimate cross sections lacking in experimental data or calculations. The search of trends in cross sections requires, however, reliable experimental results for properly chosen series of targets-if possible, the data should be taken with the same experimental setup.
The present work is one in an extended series of our systematical studies focused on determining the total electron-scattering absolute cross sections ͑TCSs͒ for polyatomic compounds over a wide energy range. The main objective of this work is to provide accurate absolute TCS for the electron scattering from trimethylene oxide, c-͑CH 2 ͒ 3 O, molecule-a member of cyclic ethers family c-͑CH 2 ͒ n O. 
II. EXPERIMENT
To measure the absolute TCS, we have employed the electron-transmission method in a linear configuration. The electron spectrometer setup and procedures used in this work are essentially similar to those exploited in our recent TCS experiments, 4 therefore we present here a brief outline only. An electron beam of required energy E ͑⌬E Յ 0.1 eV, full width at half maximum͒ was prepared by the electron optics system equipped with an electron gun, a cylindrical 127°e lectrostatic monochromator, and set of electron lenses. The collimated beam of electrons was then directed into a reaction chamber filled with a sample vapor. The projectiles which passed the exit chamber slit were energetically discriminated with the retarding field lens system, and eventually collected by a Faraday cup.
The method relates the transmission of the target for a beam of electrons to the total electron-scattering cross section, Q͑E͒, by the Bouguer-de Beer-Lambert ͑BBL͒ attenuation formula,
where I͑E , p͒ and I͑E ,0͒ are the transmitted electron intensities measured in the presence and absence of the target molecules in the scattering cell; l refers to the effective path length of electrons through the target-here assumed equal to a linear distance ͑=30.5 mm͒ between entrance and exit slits of the collision cell; k is the Boltzmann constant. The target pressure p was measured with the Baratron capacitance manometer head stabilized at 322 K ͑=T m ͒. As the temperature of the target T t ͑in fact, of the scattering chamber͒ is usually lower than T m by 5-10 K and varies slowly in course of the experiment, the pressure readings are corrected for the thermal transpiration effect. 5 The background pressure in the electron optics volume was kept constant, at the level of about three orders lower than the target pressure in the scattering cell. The electron energy scale was calibrated by reference to the oscillatory structure observed around 2.3 eV in the transmitted current after the admixture of N 2 .
The resulting absolute TCS value at each impact energy was determined as weighted mean of results from several series performed at slightly different electron optics settings and for target pressures ranging from about 25 to 150 mPa; the pressures applied ensure the single-collision conditions in the scattering volume. The TCS uncertainty of a random nature ͑one standard deviation of the weighted mean TCS value͒ does not exceed 1% over the whole energy range investigated. The overall TCS uncertainty is, however, dominated by possible systematic uncertainties which may appear while taking the individual quantities necessary for the TCS determination from the BBL formula. 6, 7 Main contributions to the systematic TCS error come from ͑i͒ the inability to discriminate against electrons which are scattered elastically through small angles ͑Ͻ2°͒ in the forward direction-this effect may systematically lower the measured TCS by 4% near 1 eV; ͑ii͒ the effusion of the target molecules through orifices of the scattering cell that leads to inhomogeneity of target density in the reaction volume and to elongation of the effective path over which the scattering events take place; 8 ͑iii͒ the shift in the energy scale observed during the experiment, by nearly 0.1 eV-especially troublesome below 2 eV where the TCS raises steeply. These errors can be estimated roughly only and the final TCS results are not corrected for above-mentioned effects. The overall systematic uncertainty in our measured absolute TCS amounts up to 8%-10% below 2 eV, 4%-6% within 4-100 eV, and 6%-8% at higher energies applied. The sample of trimethylene oxide ͑99.5 + %͒, commercially supplied by Aldrich, was used after vacuum distillation.
III. COMPUTATIONAL DETAILS
The main goal of the present computations is to obtain reasonable estimates of TCS, as sum of elastic cross sections ͑ECSs͒ and ionization cross sections ͑ICSs͒, for two cyclic ethers: c-͑CH 2 
where f i ͑ , k͒ is the scattering amplitude due to the ith atom of the target molecule, is the scattering angle, while E and k = ͱ 2E stand for energy and the wave number of the incident electron, respectively. The ECS for the ith atomic constituent of the molecule, i A ͑E͒, has been derived according to
To obtain phase shifts ␦ l , partial wave analysis has been employed and the radial Schrödinger equation,
has been solved numerically under the boundary conditions 
where Z is the nuclear charge of the atom and ␥ m and ␤ m are parameters obtained by fitting to the numerical DiracHartree-Fock-Slater screening function,
where ͑r͒ is the free-electron-gas correlation energy, 14 ␣ is the static electric dipole polarizability of atom, and r c is the first crossing point of the ͑r͒ and −␣ / 2r 4 curves. 15 The phase shifts ␦ l are connected with asymptotic form of the wave function u l ͑r͒ by
In the present calculations the exact phase shifts have been calculated for l up to l max = 50 while those remaining, ␦ l ͑B͒ , have been included through the Born approximation.
Within the BEB model the electron-impact ICS for given molecular orbital is expressed by formula
where S =4a 0 2 NR 2 / B 2 ͑a 0 = 0.5292 Å, R = 13.61 eV͒, u = U / B, ⑀ = E / B, and E is the energy of impinging electrons. The total cross section ion for electron-impact ionization of molecule can be obtained as the sum of ICSs for all molecular orbitals, i.e.,
where n MO is the number of molecular orbitals.
The advantage of the BEB model is that all quantities necessary to calculate ICS have the exact physical meaning and can be evaluated with standard quantum chemistry methods. In the present work the electron binding energy B, kinetic energy of the orbital, U, and the orbital occupation number N, have been calculated for the geometrically optimized c-͑CH 2 ͒ 3 O and c-͑CH 2 ͒ 5 O molecules with the Hartree-Fock method using the GAUSSIAN code 16 and the Gaussian 6-311G basis set. Energies of the highest occupied molecular orbitals obtained this way differ usually from the experimental values, therefore we also performed outer valence Green function calculations of correlated electron affinities and ionization potentials [17] [18] [19] [20] using the same GAUSS-
The sum of the ECS and ICS calculated for examined targets makes it possible to estimate the theoretical total cross sections for electron scattering by c-͑CH 2 ͒ 3 O and c-͑CH 2 ͒ 5 O molecules-the quantities used for further comparisons.
IV. RESULTS AND DISCUSSION
In this section we report on the absolute TCS measured for trimethylene oxide, c-͑CH 2 ͒ 3 O, molecule. The measurements have been carried out in the linear transmission experiment over energy range from 1 to 400 eV. We present also our electron-impact integral ECS and ICS computed, both up to 3 keV, in the additivity rule approximation and the BEB approach, respectively. The sum of ECS and ICS calculated at intermediate energies is then compared with the measured TCS. We compare also TCSs for cyclic trimethylene oxide and for its isomeric open-chain counterpartacetone-to search how the arrangement of atoms in c-͑CH 2 ͒ 3 O and ͑CH 3 ͒ 2 CO reflects in cross section for electron scattering. Furthermore, we confront our experimental TCSs for three heterocyclic ͑CH 2 ͒ n O, n =2-4, homologies. Similarities and differences of TCS energy functions are pointed out and discussed. We have found, based on these observations, that the intermediate-energy TCS for members of this heterocyclic series can be thought of as a sum of corresponding submolecular TCS terms. Partitioning of TCS for c-͑CH 2 ͒ n O, n =2-4, molecules has been carried out to find effective TCS contributions from the methylene group and oxygen atom. Finally, the electron-scattering TCS for the c-͑CH 2 ͒ 5 O is estimated and compared with our cross section ͑elastic+ ionization͒ computations. Figure 1 shows the experimental TCS for electron scattering by C 3 H 6 O molecules as a function of impact energy, in the range from 1 to 400 eV. The absolute TCS values for a ring ͑CH 2 ͒ 3 O molecule versus energy are listed in Table I . The general observation is that the magnitude of the TCS for c-͑CH 2 ͒ 3 O is relatively high over the whole energy range investigated that, except the lowest energies, reflects the rather large geometrical size of the molecule.
A. Trimethylene oxide, c-"CH 2 … 3 O
According to the appearance of the measured e − -͑CH 2 ͒ 3 O TCS energy dependence, presented in Table II͒ , such TCS lowenergy appearance may be explained in terms of direct scattering of the point charge on the long-range dipole potential, 21 although, a contribution from the induced polarization effects ͑␣ ϳ 6 ϫ 10 −30 m 3 , Table II͒ should also be considered. Behind the minimum, the TCS shows a distinct broad enhancement spanned between 5 and 12 eV. It is composed of two overlapping structures, peaking near 6 and 7.5 eV with the value of about 52ϫ 10 −20 m 2 , as indicated in Fig. 1 . However, at the left-hand foot of the enhancement, near 4.1 eV, another weak maximum of about 48 ϫ 10 −20 m 2 appears. We suggest the resonant origin of these three structures, although, we do not have direct evidence for such statement; the ground is based only on the observations Table III͒ that while around 400 eV the elastic and ionization contributions to the TCS are nearly equal, in the vicinity of the ICS maximum ͑70-100 eV͒ the ECS exceeds the ionization one by a factor of 1.5. Figure 1 also compares our TCS measurements with the sum of calculated ECS and ICS for trimethylene oxide ͑see Table III͒ , which stands for the theoretical TCS estimation. Above 45 eV the agreement between the experiment and calculations is good, both with respect to the shape and magnitude. The differences do not exceed 3%-7%, falling within typical experimental uncertainty limits. Such an agreement entitles us to believe that our high-energy ECS+ ICS values, calculated at energies beyond the experimental regime, represent the TCS equally well as these at intermediate energies.
Finally, proximity of intermediate-energy TCSs and respective gas-kinetic cross sections, noticed earlier ͑see Ref. 23 , and references therein͒, allowed us to estimate the gk value for trimethylene oxide molecule ͑Table II͒. It is clearly seen from Fig. 1 that the change in the arrangement of atoms in target molecule ͑isomer effect͒ manifests mainly in the magnitude of TCS at energies below 40 eV. Within 4-40 eV the TCS for the cyclic C 3 H 6 O isomer is noticeably lower than the TCS for its open-chain analog. The same behavior has been already observed for the pair of C 3 H 6 isomers, cyclopropane, and propene. [25] [26] [27] [28] It is interesting that the shape of TCSs for c-͑CH 2 ͒ 3 O and for ͑CH 3 ͒ 2 CO is basically similar, except for the energy range below 1.4 eV. Both TCS curves have a minimum near 3 eV, three weak narrow features located close to 4, 6, and 8-9 eV, and a broad enhancement spanned between 5 and 15 eV. Above 10 eV the examined TCS functions decrease rather monotoni- cally with rising energy, and beyond 40 eV they merge, confirming earlier findings that above 40-50 eV the isomers are not distinguishable with respect to the TCSs. 27, 29 Such behavior of TCS for isomers means that the energy of 40-50 eV stands for the lower limit above which TCS becomes insensitive to geometrical rearrangement of atoms in the target molecule, and the IAM becomes applicable. That conclusion is also confirmed by our earlier IAM calculations. 23, 30 Considering again the low impact energies, it is somewhat surprising that below 2 eV, the TCS for acetone, 24 a molecule with a substantially higher dipole moment ͑ ͑CH 3 ͒ 2 CO = 2.9 D; ͑CH 2 ͒ 3 O = 1.9 D͒, 31 is distinctly lower ͑cf. Fig. 1͒ than that for trimethylene oxide. Moreover, the mean scattering cross section for acetone is about 3 ϫ 10 −17 m 2 at thermal energies, 32 therefore one would expect a steep increase in TCS, at least below 1 eV. To elucidate the low-energy cross section behavior for ͑CH 3 ͒ 2 CO, further experiments are necessary around 1 eV.
B. Comparison between c-"CH
Absolute TCSs measured for electron impact on trimethylene oxide molecules, c-͑CH 2 ͒ 3 O, in units of 10 −20 m 2 . Energy
C. Comparison of electron-scattering TCSs for cyclic-"CH 2 … n O, n =2-5, homologies: Group additivity rule
So far, we have been interested in how the TCS for the c-͑CH 2 ͒ 3 O molecule varies with the energy of the impinging electron. In this subsection we are concerned with the variation of the TCS from target to target going across the family of cyclic ethers ͑CH 2 ͒ n O ͑n =2-4͒ in order to find how the change in the number of CH 2 groups in the molecule is reflected in its TCS curve.
The considered molecules are heterocyclic organic compounds composed of n methylene groups with one oxygen atom embedded in the C-C ring ͑see Fig. 2͒ . The presence of the oxygen atom results in a considerable asymmetry of the electric charge distribution and, in consequence, leads to a distinct electric dipole moment of the molecule ͑Table II͒. In Fig. 3 , the experimental TCSs for electron impact on three members of the c-͑CH 2 ͒ n O, n =2-4, molecular family are compared at energies from about 1 to 400 eV. The comparison is made based on the TCSs measured in our laboratory: c-͑CH 2 ͒ 2 O ͑Ref. 33͒, c-͑CH 2 ͒ 3 O present, and c-͑CH 2 ͒ 4 O ͑Ref. 30͒. Considering the shape of TCS curves and the relation of the TCS magnitudes, the examined energy range can be divided into three regions: Below 2.5 eV, between 2.5 and 9 eV, and beyond 9 eV.
An inspection of the low-energy experimental TCSs for considered ͑CH 2 ͒ n O molecules ͑Fig. 4͒ reveals some noteworthy features: ͑i͒ Below 2.5 eV the magnitude of the measured TCSs cannot be correlated with the molecular size of the respective target ͑cf. Ref. 31͒; ͑ii͒ in this energy range the TCS magnitudes change rather in order of the electric dipole moment of molecules ͑see Table II͒-the higher is the molecular dipole moment, the higher is the low-energy TCS of the molecule; ͑iii͒ the experimental low-energy TCS appears to be more steeply decreasing function for the target with higher dipole moment. Within 1-2.5 eV the TCS for c-͑CH 2 ͒ 3 O ͑ = 1.94 D͒ decreases almost twofold with the energy increase, for c-͑CH 2 ͒ 2 O ͑ = 1.89 D͒ by a factor of 1.5, while for c-͑CH 2 ͒ 4 O ͑ = 1.7 D͒ the measured TCS decreases only by a few percent. Figure 4 confronts also the behavior of our experimental low-energy TCSs for electron scattering on the cyclic ͑CH 2 ͒ n O, n =2-4, molecules with the theoretical predictions based on the point-dipole Born angle-differential cross section formula developed by Altshuler. 34 To mimic our transmission experiment, in which the electrons scattered elastically at small angles into the forward direction are not distinguishable from those not scattered, the Born angular distributions ͑from Ref. 34͒ are integrated over the angles 2°Յ Յ 180°, out of the forward direction acceptance angle of the electron detector ͑see Sec. II͒. The resulting Born integral cross sections ͑BCSs͒ rise toward low electron-impact energies like E −1 and change with the electric dipole moment of molecule, as 2 . Figure  4 clearly shows that with respect to the slope of the lowenergy cross section curve, there is a discrepancy between the Born predictions and the experimental TCSs. Quite unexpectedly, the discrepancy increases as the electric dipole moment of examined molecule decreases. While the variation in the TCS at low energies for c-͑CH 2 ͒ 3 O ͓see Fig. 4͑b͔͒ is generally consistent with the respective BCS, for c-͑CH 2 ͒ 2 O the slope of the TCS curve is evidently less steep than the BCS ͓Fig. 4͑a͔͒, and the behavior of the experimental TCS for c-͑CH 2 ͒ 4 O molecule does not follow the Born predictions at all ͓cf. Fig. 4͑c͔͒ . The origin of this effect is unclear because the lowering of the measured TCS-due to incomplete discrimination of forwardly scattered electronsshould rather decrease with the decrease in the target dipole moment. Looking for any arguments, we inspected other known low-energy experimental and theoretical data, also included in Fig. 4͑c͒ . The shape of the low-energy TCS curve 30 for the c-͑CH 2 ͒ 4 O appeared to be rather similar to earlier TCS measurements of Zecca et al. 35 and to integral elastic data cross sections taken recently by Allan 36 ͑note an excellent agreement in the magnitude of the TCS from Ref. 30 with the elastic+ inelastic data of Allan͒; it does not differ much from that in the momentum transfer and elastic integral cross sections calculated by Trevisan et al. 37 and by Winstead and McKoy, 38 respectively. On the other hand, the recent R-matrix calculations of Bouchiha et al. 39 and of Tonzani and Greene 40 clearly show more steep rise of the cross section curve below 2.5 eV. Considering the above, we can speculate that the electron-scattering cross section for tetrahydrofuran increases toward thermal energies, as it would for polar target, but the increase is less steep than the Born cross section and it becomes more distinct only below 1 eV. Nevertheless, further studies of the low-energy TCS behavior for the cyclic ethers are desired.
More difficult to grasp are regularities in TCSs behavior within 3-12 eV, where TCS varies irregularly and rather unforeseeable with electron energy. In this energy range subtle resonant effects become to play a significant role and more detailed properties of the target are exposed. However, some common features can be observed in Figs. 3 and 4, and they are pointed out below. was related to resonant structure observed earlier in the vibrational spectra 22 and associated with the electron-impact excitation of the C-C ring stretch mode. The decreasing intensity of the maximum across the c-͑CH 2 ͒ n O family may suggest that the resonant excitation of C-C stretching within 3 and 5 eV becomes less effective with the increase in the ring, as it becomes less rigid. Indeed, recent vibrational spectra for gas-phase c-͑CH 2 ͒ 4 O do not reveal an excitation of the C-C mode below 4 eV; instead, near 2.6 eV a weak feature coupled to excitation of the CH 2 scissoring vibration was observed and associated with the formation of a shape resonance. 36 On the other hand, the excitation of the C-C stretching vibrational mode around 3.5 eV has been noticed in condensed c-͑CH 2 ͒ 4 O. 41 
͑ii͒
Another structure, common for the compared TCSs, is the broad enhancement located between 7 and 16, 5 and 14, and 4 and 15 eV, for molecules with two, three, and four methylene groups, respectively. In the range of the TCS enhancement the resonant excitation of the methylene group was observed for c-͑CH 2 ͒ 2 O and c-͑CH 2 ͒ 4 O molecules. 22, 36, 42 The distinct increase in the enhancement magnitude with the increase in the number of the CH 2 groups can be, therefore, explained in terms of the resonant excitation of vibrational modes of molecules in this energy range. One can also notice that the outset of this enhancement shifts to lower energies with increasing number of CH 2 groups in the considered molecule, and the extra structures on its edge become more visible. Regarding general appearance, behind 6-7 eV the TCS for the heterocyclic molecules essentially resembles the TCSs for respective carbon-cyclic targets-in this energy range the TCS practically does not alter if one CH 2 group is replaced with an oxygen atom ͑e.g., Ref.
33͒.
Above 9 eV the TCS energy curves for c-͑CH 2 ͒ n O, n =2-4, molecules behave similarly to each other-they monotonically decrease when energy increases, with some shoulder apparent within 20-40 eV; this structure becomes more noticeable when the number of CH 2 groups in molecule increases. It is also evident that the target of the larger molecular size has distinctly higher TCS. For electronimpact energies between 80 and 400 eV, the energy dependence of our TCSs measured for c-͑CH 2 ͒ n O, n =2-4, molecules can be reasonably described with the easy-to-apply function ϳE −a , where a Ӎ 0.6. The same function reproduces, to a good approximation, our calculated total ͑elastic+ ionization͒ cross sections. In the high-energy limit, the total cross section for the electron scattering can be expressed with a combined Born-Bethe ͑BB͒ formula,
where E is the incident energy; R = 13.61 eV; A, B, and C are constants related to the target properties. 45 Recent investigations 46 for molecules show, however, that the BB approximation agrees well with the experimental TCS values only far beyond 4-5 keV. The difference between measurements and the BB theory may partly result from experimental problems related to an insufficient discrimination against the electrons scattered into the forward direction and against the main inelastic channels ͑see Sec. II͒. The appropriate corrections of TCS values lower, but do not eliminate, the discrepancies; in the vicinity of 2 keV the experimental points lie about 25% below the BB theory predictions, and this difference substantially increases toward lowintermediate energies. Therefore, to fit the intermediateenergy TCSs for series of molecules, some semiempirical formulas have been proposed, usually containing the E −a factor, with a = 0.5-1.0. 25, 26, [46] [47] [48] [49] A closer inspection of the electron-scattering data for c-͑CH 2 ͒ n O series reveals that above 20 eV the TCS for c-͑CH 2 ͒ 3 O is in excellent agreement with the arithmetic mean of TCSs for two nearest homologies, c-͑CH 2 ͒ 2 O and c-͑CH 2 ͒ 4 O ͑see Fig. 5͒ . It means that the TCS at intermediate energies increases in direct proportion to the number of CH 2 groups in the molecule. That implies that at higher energies the TCS for complex molecule may be estimated with a reasonable accuracy using the TCSs of its submolecular components and/or from the TCSs for simpler compounds ͑group additivity rule͒. This observation corresponds with earlier findings, 23, 27, 50 that for energies above 30-40 eV, where resonant effects become weak and can be neglected, the kind of target components and their count are more important in the electron-molecule scattering than the arrangement of the components in the molecule.
Based on the experimental TCS data for the c-͑CH 2 ͒ n O ͑n =2-4͒ series one can estimate the effective TCS associated with the CH 2 group and oxygen atom in these molecules. Figure 5 shows the energy dependence of the effective TCS derived for these constituents. Note that within 20-100 eV, where some data are available, the evaluated contribution of oxygen atom to the molecular TCS for c-͑CH 2 ͒ n O compounds is almost 1.5 times of the TCS for electron scattering from free oxygen atom, 51 while that estimated for CH 2 group is at 30 eV by the same factor lower than that calculated for free methylene radical. 10, 52 Having in hand effective partial TCS values, one can attempt to estimate the intermediate-energy TCS dependence for tetrahydropyran, the next member ͑n =5͒ of the cyclic ͑CH 2 ͒ n O family. Figure 5 presents also the TCS estimated in this way for the c-͑CH 2 ͒ 5 O molecule and compares it with our computations based on the ECS and ICS calculations. Above 40 eV the calculated total cross section ͑ECS+ ICS͒ is consistently higher by 3%-11% than the estimated values. The agreement is reasonable and we believe that the true TCS values should not differ much from these findings.
Comparison with other results for electrontetrahydropyran scattering is at the moment impossible as no TCS data can be found in the literature. Unfortunately, our measurements for tetrahydropyran are temporarily suspended due to a movement of the laboratory.
V. CONCLUDING REMARKS
We have measured the absolute TCS for trimethylene oxide, c-͑CH 2 ͒ 3 O, molecules from low to intermediate energies, 1-400 eV, using an electron-transmission method. To our best knowledge, these TCS results are the first reported. The experimental TCS energy dependence exhibits two distinct features: Below 3 eV it rises steeply toward lowest energies applied, and it has a broad enhancement spanned between 5 and 12 eV. Some weak resonantlike structures are also discernible: The small peak centered around 4 eV, and two weak bumps located near 6 and 8 eV, superimposed on the ridge of the enhancement. To resolve the origin of these features, more detailed experimental and theoretical studies are necessary.
In addition, the integral ECS and ICS have been computed for c-͑CH 2 ͒ 3 O and c-͑CH 2 ͒ 5 O molecular targets at intermediate and high electron-impact energies. The sum of ECS and ICS for c-͑CH 2 ͒ 3 O agrees well with the experimental TCS at overlapping energies above 45 eV.
Comparison of the experimental TCSs for heterocyclic ͑CH 2 ͒ n O, n =2-4, molecules has also been made and similarities and differences have been pointed out and discussed. Based on our intermediate-energy TCS measurements for this target series, we have decomposed the molecular TCSs into portions coming from constituent groups: CH 2 and O. By applying these effective partial TCS contributions, we have estimated the TCS for tetrahydropyran, c-͑CH 2 ͒ 5 O, the next member of the cyclic-ether family. The estimated TCS is in reasonable agreement with the present calculations.
